BACKGROUND. The aim of this study is to identify seasonal changes in total 25(OH)
Introduction
The previous decade has been marked with the discovery of many new physiological functions of vitamin D (VD) as well as the documentation of epidemic VD deficiency and insufficiency worldwide. [1] [2] [3] [4] VD does not only influence the musculoskeletal health and mineral homeostasis but it also affects cardiovascular, endocrine, nervous, immune and mental functions, 5 thus it is of considerable importance for the general population and especially for both physically active people and elite athletes in achievement of a physical peak condition and a high performance. 6 VD status in athletes has been found to be variable and depending on outdoor training time, skin color, diet features, age and geographic location. [7] [8] [9] [10] VD concentration associates with incidences of upper respiratory tract infections (URTI):
greater proportion of athletes maintaining circulating concentration of the blood serum 25(OH) VD <30 nmol/l presented more episodes of URTI as well as severity of symptoms than those with 25(OH) VD concentration >120 nmol/l. [11] [12] [13] VD upregulates gene expression of antimicrobial peptides, which are important regulators in innate immunity and also downregulates expression of inflammatory cytokines such as TNF-α and IL-6, 14-15 converting monocytes to macrophages, which in turn produce more inflammatory cytokines. Evidence was presented that influenza epidemics and other wintertime infections may be related to seasonal deficiencies of antimicrobial peptides secondary to VD deficiency. 16 Despite a lot of studies of influence VD supplementation on incidence of URTI and flu, the results are contradictory. [17] [18] [19] [20] Water sports are characterized by certain specific features. Synchronized swimming combines speed, power and endurance. Athletes must train and compete spending a great amount of time underwater. 21 URTI is one of the most common diseases in humans, with a high prevalence in athletes, [22] [23] [24] and athletes engaged in water sports are of a special risk. An insufficient period of recovery between successive training sessions and overtraining syndrome may cause the suppression of the immune system, especially respiratory immune functions [25] [26] and may lead to an increase of the illness risk, notably, for the greater incidence of URTI. It has also been demonstrated in adult athletes that strenuous training might have an increased risk of infection because of transient immune suppression. [27] [28] Chronic low dose exposure of chlorine can induce airway hyperresponsiveness and aggravate allergic Th2 inflammation. 29 Exposure to these chlorine-based chemical compounds can be manifested as clinical symptoms of upper respiratory dysfunction (chronic rhinitis, sneezing, irritated nasal sinuses, runny nose, etc.). 30 It could contribute to increased susceptibility to URTI. Besides, 4 inadequate nutrition status during heavy exercise can impair the respiratory immune functions. 31 A well-designed training program with an adequate nutritional supplementation is needed not only to prevent the respiratory infections, but also to optimize the performance.
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The study of VD level and its impact on the frequency and susceptibility to URTI among elite athletes engaged in water sports is of great interest. Such studies have not been carried out in Central Asia countries previously as well as the prevalence of VD deficiency in the population.
The aim of the present study is to identify seasonal changes in total 25(OH) VD concentrations and determine its influence on acute URTI morbidity among elite athletes engaged in water sports.
Materials and methods
Study center
The prospective, non-interventional, observational study was conducted on the basis of the 
Ethics approval
The study was approved by the Medical Ethics Committee of the Ministry of Health of the Republic of Uzbekistan in accordance with the Declaration of Helsinki. All participants provided written, informed consent after being informed about the protocol and purpose of the study. The trial is registered at the US National Institutes of Health (ClinicalTrials.gov) #NCT03623763. 
Study participants
Immunological tests
Participants were required to abstain from any strenuous physical activity for 24 h and fasting for at least six hours before coming to the laboratory. Five milliliters of peripheral venous 
Classification of the VD level
The serum VD level was classified as reported by Holick (2007) . 4 Levels of VD ≤ 20, 21-29, ≥ 30-150, and >150 ng/ml were considered as VD deficiency, VD insufficiency, VD sufficiency and VD intoxication, respectively.
Statistical analysis
Data analysis was performed with the program Origin 6.1 (OriginLab, Northampton, MA).
Results are expressed as mean±standard error (SEM) for continuous variables and number (percentage) for categorical data. For numerical variables the independent/paired t test was used. The P value <0.05 was considered as statistically significant.
Results
40 elite athletes and 30 control individuals were enrolled in the study. The elite athletes were divided into two groups: swimmers (n=20) and synchronized swimmers (n=20). Forty-two were excluded as 19 participants refused to participate, and 23 did not meet the inclusion criteria ( Figure 1) . Individuals of the control group were matched by the baseline characteristics to the elite athletes. Analysis of baseline characteristics didn't show any significant differences between elite athletes and the control individuals ( Table 2 ). Training of swimmers took place in indoor swimming pools. VD sufficiency was determined in 10% of swimmers; VD deficiency was estimated in the same number of swimmers. VD sufficiency was found in 30% of the control individuals, but 6.6% of them were VD deficient. (Table 3) . Table 4 shows the frequency of URTI during summer-autumn and winter-spring periods among athletes and the control individuals. In both groups of athletes and in the control group individuals URTI were observed more frequently in winter-spring period. However, more than 3 episodes of acute URTI were detected only in elite athletes in winter-spring. 2-3 episodes of URTI regardless of the season were significantly more frequently detected in both groups of elite athletes in comparison with the control individuals (P≤0.05). Absence of URTI was observed in a very low percentage of elite athletes versus the control individuals. Results of cytokines detection performed in August and February are presented in Table 5 .
Level of TNF-α was significantly elevated in all athletes in comparison with the control individuals, but in athletes engaged in synchronized swimming it was lower, than in swimmers. The elevated level of IL-4 and IL-6 was detected in all athletes, but more expressed increase was observed in swimmers. A decrease of IFN-γ was observed in all athletes, however the lowest values significantly differed from the control values were found in swimmers. 
Discussion
The study is the first experience of detection of VD level and its influence on acute URTI morbidity among elite athletes engaged in water sports in Uzbekistan. The predominance of VD insufficiency was found in both groups of elite athletes and the control individuals despite the large number of sunny days in the country (>300 days per year). Diet features of study participants are associated with regional diet habits and geographical location. Access to sea foods containing the high content of VD is almost absent in Uzbekistan. Other food products containing the high content of VD also rarely using in daily food ration. According to analysis of self-reported questionnaires insufficient dietary VD intake has been found in elite athletes. Higher prevalence of VD insufficiency/deficiency in both groups of athletes could be explained by the influence of significant physical load, prolonged time in indoor trainings and diet features. It is important to note that the current study population consisted mainly of elite athletes with a white skin colour and that the seasonal variation of VD might be different in athletes with a darker skin colour. Our data confirm literature data about the high prevalence of inadequate VD level among athletes and the general population.
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The regulatory effect of 25(HO) VD on the immune system is well known. Active 25(HO) VD induces the synthesis of antimicrobial peptides by natural killers and respiratory tract epithelial cells, 39 as well as upregulated S100 protein and calprotectin levels were identified under the effect of active 25(HO) VD. 40 In the case of a VD deficiency, the immune response is disrupted and leukocyte chemotaxis is reduced. 41 The rate of infection diseases rises due to disrupted immunity.
Yim and colleagues (2007) revealed that antimicrobial protein cathelicidin synthesis was impaired in the bronchial epithelial cells in patients with frequent respiratory tract infection. 42 Deterioration of synthesis of the 25(HO) VD dependent immune regulator proteins such as cathelicidin, defending, S100, and calprotectin may clarify the increased URTI in patients with 25(HO) VD deficiency. Nasal mucociliary clearance time was significantly increased in patients with VD deficiency which might be one of the pathophysiologic pathways at increased URTI. 43 Some studies propose that 25(HO) VD may be effective in protecting against respiratory tract infections. 44, 45 In spite of the literature, the pathophysiologic pathway of the increased rate of URTI still remains unclear. The most known hypothesis is an impaired immune response in patients with VD deficiency. However, this is not well documented and not enough to explain pathophysiologic pathways.
URTI are thought to impair athletic performance; with athletes and coaches placing a high priority on preventing illness. 46 It has been demonstrated that the incidence of URTI was associated with 14 reduced training load by 24% in endurance sports athletes, and this insufficient training load may increase the injury rates and decrease the physical capacity. 47, 48 We found the higher TNF-α level in swimmers, which could be explained by heavier training load. The elevated level of IL-4 and IL-6 was detected in all athletes, but more expressed increase was observed in swimmers. Kapilevich et al. (2017) showed that the level of circulating IL-6 is connected with character of physical load (dynamic or static). 49 The higher elevation of IL-6 level in swimmers can be connected with significant volume and intensity of training. The level of IL-6 is known to be the first response to the volume and type of exercise. 50 Increased IL-4 and IL-6 level consequently contributes to progression of URTI.
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A decrease of IFN-γ was observed in all athletes and the lowest values were found in swimmers.
Little is known about the connection of IFN-γ level and VD insufficiency in athletes. It was shown that minimal IFN-γ values were detected together with a VD deficiency. 52 In athletes with a VD sufficiency concentration of circulating IL-10 and IFN-γ are significantly higher than in athletes with a VD deficiency. 51 Identified trend to elevation of URTI morbidity in athletes with VD deficiency and lower values of VD insufficiency, changes of the cytokine profile of our results are in accordance with the data by Greiller & Martineau (2015) on the role of VD in resistance to URTI. 53 In total, our data are in accordance with information on the possible connections of VD deficiency/insufficiency with features of cytokine profile and URTI morbidity. Further trials are needed to determine the most appropriate VD supplementation regime in athletes engaged in water sports in general and in particularly for Uzbekistan.
Our study has several limitations. Firstly, the number of participants who adequately completed the self-reported questionnaires and give consent to participation was lower than anticipated. Another limitation is that the diagnosis of acute URTI was only symptomatically and verification of the etiology of diseases was not done due to the difficulty of diagnosis of wide spectrum of infectious agents of acute URTI and non appearance of participants in pre-and post-competition periods and mild course of disease. 
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